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ABSTRACT

A number of significant attempts at fabrication of the
Inneberg lens have tesn made both at NRL and elsewhere, Some
of thess atterpts have resulted in lenges of precticel appli-
cability, if sultable limitations are accepted, A brief resume
vl possible applications of the lens t¢ problems in ths fisld
of microvave radar is given, and the states ol the art regarding
the fabrication of the lens is indicated.

PROBLEM STATUS

This is an interim report; work is continuing.
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APPFLICATIONS OF THE LUNEEFRG LERS
J.I.Boh:nsrt ard B,P.Coleman

I. INTRODUCTION

The {atent of this report is to des~ribe triefly somo posaible appli-
cations of the Luneberg leas and to indicate the prescnt state of the art

in regard to the lens, It is felt that sush a reporting is timely in view
of the great interest being shown ir Luneberg lenses,

R, K, hmebergl developed the theory for this spherically symmetrioc
lens in 1944 as an academic exsrcise in classical optics. In its simplest
ard best knowvn form, the lens focusses an incident plane wave upon ro-
cention to a diemetrically opposite point on iis surface. See Fig.l.
Worzeras in optics had no application for such a lens, nor could they construct
one if they wished., Thosa working in the field of radar were quick o
realize the poventisl usefulness of such a unique focussing device, tut they,
tvo, could not tuild one for lack of suitable materials and fatrication
techniques,

Tne bistory of the luneberg lens since its conception has been the
history cf its fatrication, Several laboratories have tried to construct a
lena, it until rocently results were largely impractical, Later in thie
report, a trief desoription 1s glven of these efforts,

The luneberg lens is composed of a dielectric material in which the
dlelectric constant varies continuously from a maxisum of 2 at the center
to unity at the surface. Referring to Mg.l, this vari.azioz: in the di-
electric coastant € 13 given by the formula, € s 2 ~ r<, Vhere r is the
normalized radius., The sketch in Fig.l may be interpreted as being in
three or two dimensions. If in three dimensions, then the lens is a sphere,
the source point 3 1{es on the surface of the sphere, and rf energy
smanating from 8 1s collimated into a cylindrical shaft of energy in the
direction diauetrically opposite point 8, If 4in two dimensions, then the
leno 43 a thin circular disc, the source point S 1lies on the circumference
of the oircle, and the emargent rf onargy lies in the plane of the lens,
In the twe-dimensional case, the lens proper is contained between metallio
parellel plates, In both the thres= and two-dimensionai cases, acharacter-
istios of the radiation pattern are determined in the usual mamner, %.e.,
vy the extent of the lons aperture and the distribution of illuminaticn
over the aperture. PMattern characterisiios of beam width, gain, and side
lobe level have only recently been calculated for the perfeoct lunsber
in three dimeusions,

llf.mebnrg, R.K., "Mathematiocal Theory of Optiacs," Brown niversity
Graduate Schocl, Providence, R.I., 1944.

2&"aun, £,H,, "Radiation Characteristios of the Spherical luneberg lens,”
IRF. Trensantions on Antennas and Propagation, Vol.AP-4,#2, dpril, 1955
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The Luneberg's focussing propertiss are indepensent of fremuency
and polarizaticn., Aalso, trhe lens 1s metcied to sreec, so that there ie
no reflection at the surface where € a 1, Any practiocal limitation im-
posed by the iradiation pattern or impedance is due to the manner in wvhich
the lons was btullt or to the materials used in its conciruction, For
example, approximating the continuous variation of € bty a number of disrste
a%epa establishes an upper limit of frequency beyond which the lens wiii not
focus. As another example, the use of an artificial dieleotris which is
anisotroplc restricts operation to s preferred polarization and can imposs
bandwidth 1imitations., Aa stated previcus.y, the probtlem is hov to tuild o
practicel Luneberg lens t¢ meet the neede of a partiecular application.
The more ob7ious «f these applications are ocutlined in the following sectionm.

II. APPLICATIONS

There are mmercus possible applicationr for 11. - versatile lens,
Those described below are stated in gereral terms without having in mind &
particular syestem. References to wcrk dons at the Maval Research laboratory
are zivon where applicable for more detailed infcrmation.

A, 4% Solid Angle of Scogl

The Iluneterg is unique as & fooussing device in that it osn scan a
bean throughout all spacs without any deterioration in the beam's character-
iatics. Referring again to Fir,l, as the point 3 is pcaitioned on the
surface of the aphere the tranemitted beam is alwaye diamstriocally opposite,
Since the lens {s spherically syumetric thers is no preferrad position of

4 number of asources may be utilized, fed either ssquentially or
simultaneously. The feed motion probtlems inherent in obtaining large
angles of scan by moving a single source may be circumvented by the use of
such multiple sources, FPFor example, the feed system may consist of a two-
dimensional array of sources scanned over its extenl bty soms rf switching
scheme. This type of scanning has been accomplished in & practical Aewism
for a different type of lens.” A one-dimensional array of sources,
scanned over ite langth while being moved in some prescrived manner over
the surface of the luneberg, may alsoc be used, Such a feed syatem has been
demonstratcd in the laboratory for use in a Cassegrain type of scanning
ant~nna, A nmumber of fixed mources, disposed in gome manner over the sur-
face, i8 another poseibility. Thene 3ources need not be ident’cal, tut
way differ in frequency and polarization. The scuroes may be energized
simultaneously if desired., Applications of %hese feeding systems is
limited only by ons's imagination,

3Gabriel, W.P., kroner, D.H,, Peelsr, G.D.M., and Coleman, H.P,, "A Volu-
motric Seanning GCA Antenna,® NRL Report (In Process of Publication)
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B. 350”7 5L Scan with Stab{lization

Scenning may be confined to a plane, say the horisontal plane, to
obtain 360% of scan. For simplicity, one may visualize a singls source S
rotating in e 2ircla about the spherical Luneberg, If the antenna asaembly
is mounted on an unstatls base aoh as a ship, stabdlization of the beam
on the horizon nay be desiralle, This can be socomplished by moving the
source 3 in a vertical direciion to compensate for the ship's mution,

Sach a scheme is straightlorward,

More then one sourcs may be used, If all ths sources scamned the
horizon, a multi-beamed surface-nearch antenna system results., If the
sourzes scarnd at various vertical angles, a stacked-bsam cosecant~squarsd
antenna system capable also of height finding is possitle, Vearious fre-
quencies of operation and differing polarisations may be used,

If stabilization is not required, and a broad vertical beamvidth is
acoeptahle, than for simplioity of structure, a two-dimensional Luneberg
is preferatle.

C. Seoctor Scan

Much of what was desoribed in seotions A and B could be repested
here for sector acanning if the sources were restricted to a limited
region of the spherical surface. In thomsaciions the aymmetry of the
Lunadberg wvas exploited sc that it may appear at first thcught that 4in
scotor scan this advantage is largely wasted. However, it is still
posaible to exploit the characteristio by means of reflecting plans m:-:.”

Consider now half a Iunsberg lens as shown in Fig.2, A reflector io
placed in contact with the plane surface of the lens, Hays emanating from
a source S are reflected as showr, the angle of reflection being equal to
the angle of incidence. Such rays are perfectly focussed, just as in the
case of the tull luneberg, and appear to came frum the virtusl source 5.
Movenent of the source S causes a ocorresponding movement of the beam in
the opposite direction,

Thers 18 some Ceterioration of the radiated pattern., Thias is due
to the fact that the effestive aperture for the reflested beam is
1 4 cos # and decreases as the angle /& betwesn the scurce and the
axis of symmatry increases. In Fig,2 it is sesn that sowe of the
fooussed radiation from the source S misses the reflectcr when A  dif.
fars from sero, This radiation, termed the direct beam, has an aperture
of 1 o cos® . Wg.3 oompares theoretical and measured pattern
charaoteristics of & 36-inch diameter two-dimensional lens of the type
diagrammed in Mig,2, The useful scan angle from such a lens may be in-
creasod somevhat by enlarging the reflector, although this expedient
bardly seems worth whils, Absorbent material may be used to abeord the
non-reflectad enargy, consequently reducing eide lobs levels.

4Peeler,G.D.M., Kelleher,K.S., and Coleman, H.P., *Virtual Sourcs
Luneberg Lenses, " NR. Report #4194, 13 July 1953
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Scarning may be accempiished by moving tne feed or the lenn, In the
ease Lliuatrated in Fig,2, LU ig naturel to think of the feed maving., if,
howaver, anviicor haif luneberg were placed on the other side of Lk roe
flector, one might vinsualize the lens rotating, in this case the angular
rate of scan is twice the anguiar rotation of the lens, ™ue to beem dn-
terioration when tl.e source approaches thc reflactor edge, the effuctive
scan angle is somewnat less than 120 degrees, As in the case of the 1l
Luneberg. multiple asources may be used to scan several sectors simultanes a-
ly, @ither in the same plans or in various planes,

The number of reflectors is not limited to one, It has been snown®
that for any odd nmumber of reflectors the beam scans us cescribed for a
single reflector as the lens is rotated, while for any even nimber of ree
flectors the beam does not scun. In the latter caao, .he reflectors bohave
an corner reilectors. It should be noted that the use of reflectors may ime
prove the mechanical properties of the lens systen by providinrg support.

What has beun slated abowe for the Luneberg with a reflector applies
equally to two- or thres=dimensionsl lenzes, For the three-dimensional
lens, stahilization may be accomplished as described in section B by mcve-
ment of the source in the dircation normal t¢ tne metion of scan,

Another appliastion of the reflector i3 {llustrated in Fig.is The
raflector is inclined at an angle X to the flav surface of & half wunederg
and the source S ia on the axis of symmetry, <f " . 5 degrees or less,
then the beam is fairly well forussed in a di{rection making an angle of
approximately 26 with the source., As ths angle o becames larger than
5 degrees, the boam displacement from the axis becomes more nearly equal
to o€ and gain decreases, With o6 equal to 20 degress the gain is down
3 db and the beam 13 displaced 23 degrees (rom the axis of the sysvem,
Pattern characteristics for a lens in which the reflectirg surface only
ie moved ars shown Iin Fig.5. This data, compa:ed with that shown in Fig,
3, relates the performance of the two lenses. As the refleclor is ro-
tated about the axis of symmatry, a conlcal sean resulta, A spiral scan
can be obtained by continuously varying the angle ¢ from maximum to zers.

D. FPassive Reflector

The Luneberg lens may be usei as a passlve reflecio® in a manner
analogous to & cormer reflsctor, £ rcflesting ipherical cap is plased in
cortact with the lens a3 illustmated in Fig,6. Incident encrgy is
focussed at a point S d=termined by the angle of arrival, The rays sre
reflected at S, the angle of refiection being cqual to the angle of in-
cidence, and ererge in the same direction from vhence they came, Perfcct
focussing !s thus ottained f»r all angles of arrival within the extent
of the reflecting spherical cap, it i5 readily seen that for optimux
performance, the cap should be somewhat less than a hemisphere to prevent
uridue shadowing while sllowinz maximum anglc of covcrage.- the luneberg

5Gorr, B., and Holt, r,S., "Modification of the Luneterg lens to Pertorm
as High-Gain Wide hngle Peflector,” AFLHT Internal. Yemcrundum, 15 Feb 1956
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performs beitar elac rically than the corner reflector since it ia
effective over a much groater solid angle and 1t Cocusses perfectly, thus
maximizing anterma gain, For limited angles of incldence the virtual source
type of lens might aleo be used as a passirve reflector,

There are nany applications for the luneberg as a passive reflector,
such a5 a radar target or a redar mavker for nuvigation. These applisations
40 not in genersl imposws ag many or as severe rucuirenents on thap?nnahorc
28 do appifcations involving the transmission of high rf energy leve's,

Yor this reason the first Iuneberg lens to be ocmmersially produced is the
pasaive-refloctor type. Spheres up to-,6f inches in dlametsr are advertised
a8 gholf items. The spherical csp 4s utilized to hold the lens in position,
providing a nsat solution to the support jrobles,

Attunpte have been mads tu simplify the luneberg to the utmost as a
passive reflector. It has been shown, for example, that a oonstant die
eleotrio sphere vith @ m 4 has fair fooussing prcpertiss, Some thought
his been glven to optimising the performance of a sphare utilising only twe
different dieleotric materiales. Also, a ocanmtined lensecormer reflecstor has
exhitited & wider angle of performance than just a corner reflestor. Mo
doubt other improvemsnte will ewerge ar the scope of applications widens,

TIX. PRACTICAI, CONSIDERATIONE

As stated bLefore, use of this very versatile lens is delayed be-
cause of fatrication diffioulties, In order for one to understand this
situation, 1t is helpful to be familiar with the specifications imposed on
a laneberg.

A, Dielectric Oonctant

The dielestric conatant € of the lens varies ocontinucusly as
€ = 2~ r2, from a value of 2 at the cenier to unity at the surface.’
Thls is the only variation for s nphgro with the source on ite surface,
I2 the shape of the lens 11 altered,” or if the source is positicned else-
vhere than on the surface,+ a different lav of variation of € results,
A1)l such laws moim to the authors derand an € greater than 2,

Mmbrication of materials having the required value and distaitution
of € within a aphers had proved 10 be an insurmountable ntwtacdle vntil
quite recently, Tc dsta, nn imy has been found ¢o wmake a successful
Luneberg with & contimious variation ¢f dlelsotrioc constani, Hi00ess
has been achieved hy approximating the required variation of @ by dise
crete staps, that 1s, by tullding up the sphere with a mm of conoen~
tric shells of s glven & , The first such practical lens’ was nade of
a mixture of shredded polywtyrens and expandabls polystyrens beads, Thie
1ona, although tullt and tested over a year ago, has not yet been used in
an antenna system, owing largely to its high cost and weight,

gnunm, J.E., "An Bxtensicr of the luneberg-typs Lenses," MRL Report #4110,
16 73b 1953

7P98191',G-D0H-, Colmn,B.P., Eleotronios Div,, m' axd Volk,ﬂ.c.,
Quming,W.R,, Emerson & Qming, Ino,, "Microvave Steppesd~Index luneberg
Lenses,™ NRL Report #4843, 26 Oot 19%6
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There 1a a fundamental 1imitation imposed on the lens by the present
state of the art in controlling the valie of the dieleotric constant of
any one shell, At the present iime, no manufacturer has demonstrated his
ability to roproduce shells which arw isotropic and homogenscus to within
& tolerance better than g .02 in dielsctri. conatant, Since 1 g € g2, the
nuzber of shells is limited to 25 at the most, This in turn 1imits the sise
of the lens, for the thickness of the shells cannot be too groos as compared
to the wavelength of the rf energy used, “There is no kmown relation which
can be applied to dotermine hov many shells are needsd for a lens of a given
size, ¢r hovw lurge a lons Su.n bs tuilt for ase at a given fraquency. This
problem 18 being worked on® and preliminary results, although tremendously
camplicated, indicats that it may be possible to compute a rehuonahip be=
twsen number of shells, lens size, and rf wavelength,

Investigators expurimenting with Lunebergs have learned to make rough
estimates of the mmber of shells sequired, For example, froa previous work
done at this labtoratory on two-dimensional lenses, it was felf _that ten (10)
steps were adequate for the 18-inch diazcter spherical iuneberg’/ for use at
X-tand, Msasuremepts shoved that the lens performed as predictad et a vave.
length of 3,2 am. The side lobes were down by ahout 18 4b as pared to
a level of 20 db predioted by Braun's work., The aperture effigiency was 63
percent which compares quite favorably with 65 pomnt for a boloid
operating under the eame conditions, At 1.8 am the side lobes rose o an
average of 15 db and vhenr the lens wes operated at 0,8 o mo position of
the feed oould be found whers the lens would foous., MNo attempl vas msde to
obtain a gemeral relationship between the mumber of ateps and the shortest
wavelength at which the lens would foous, since this would be costly, time-
consuming, and open to suspicion due to the uncertainties in lens cvue ,
struction.

B, Dieleotrio loss

Because the luneberg is a very thick lans, it is necessary thit the
1¢-  naterial have s very lov dlelectric loss characteristioc, Just how
low .his lons should be depenis on the diameter of the lens in terms of
vavelength. An exmot solution for the actusl dieleotrio losses as o
funotion of the lens radius would be difficult to obtain, However, the
field dencity over any cut through the lens is inversely proportional te
the square of the lecs radius and the volume of dielectric material is
direotly proportiomal tc the cubte of the redius, A falr spproximation to
the dielactric losses is tha® they are directly proportional to the lens
radius, Tt is obwrious then that the lens material must be nearly loes-
less, with tan § & .001 preferably. This requirement puts a sever»
limitation on the types of material that can be considered,

ah'lun, E,H,, MRL Report In Process of Writing
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Algo, the lcsa faotor imposes a 1imit on the sigze of the lens, There
18 no point 1a contemplating miorowave lens with an aperture diameter much
rore than 5C wavelengths, for with pressintly available materials most of
the transmitted and received energy would he expended in the lens. For
that matter, a large lens poses a heat {iansfer problen, as the dieleciric
material is an excellent heat insulator,

. Weight

Ano*her important consideration ie the weight of tha lens., If poly-
styreno 1s used as mentioned in sestion A, then velight rapidly becomes
prohititive, Folystyrene has a specific gravity close to unity, so that
a snherical Lunebsrg made of polyztyrens has a specific gravity of about
one-third, The 18-inoh diameter lens referrsd to ureviously” weighe about
35 1, Supoort for the full sphers is a problem; the uss of metalllce
plane miirors for mector scan and apherical caps for the passive reflectur
ere solutions for thoss two cases., It appears likely that a lens with
a diameter greater than 3 feet and made of materials now avallatle would
ermish part of its frogile outer shells Af placed on a flat surface.

D, Othar Desirabie Peatures

The outer shall of the Luneberg must of necessity be temuous, since
€@ approacties unity on ths surface, In addition to the strength problem
wentioned above, thero is also a problem of porosity., It is important
that no water find 1te way into the lens from the surrounding atmospherio
conditions, for the. the disleotric loss increases prohibitively, Thus
it 18 desirzble that the lens material bs unicelluler to prevent water
abeorption. added protection aan be obtained by placing a very thin and
tough waterproof tag, a sort of tight~fitting radome, over the lens.

The bag-like radome just mentioned can provide other types of pro-
tection. It is important, for example, that thic lens possess good
resistance to weathering, Without soms kind of radome, the fragile
outer shell would weather poorly. Also, the lens wust possers chemical
stability, that is, its desirable characteristics should natdeteriorate
with time. Far exampla, radiation from the sun, especiaslly ultra-
violet, affects some plastics. The subject radome could be made o ox-
clude ultraviolet,

The lens material wist possess nechanical staldlity. It must not
crack or craze with time or under the influence of changing temperatures.
noldflow or creep of the material rust be avolded.

The matcrial must bo homogeneous and isotropic, for otherwise the
performance characteristios of the lens would he a function of pouition.

1}
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- ' 1v, PFABRICATION TECHNIQUES

To appraise the Lunsbery problem as a whole and to predict what its
fubture may be, 1t 1z felt that a knowled . of vhat hes bsen done in the past
is esgential, The _ollowing commonts cre brief, hut, 1t ¢~ hoped, in-
formative,

A, Early Attenpts

S 1, Shortly after world War II, the Antenn~ Laboratory of the newly-
T formed Air Forue laboratory in Cembridge, Masa, (now named Alr Force

. Cambridge Reszarch Center (AFCRC) and located at Hanscom Field, Bedford,
Mess.) bocame interested in techniques for fabricating Lunebergs,

garly in 1947 a ocontract was let by AFCRC with Gase Institute
of Technology to investigate geodesic surfaces for fooussing elsctromeg-
netio waves, In this case, the variation {n € 1is simulated by
increased path length for the rf ensrgy traveling in the TEM mode between
parallel plates, The result of this study was the ™ir hat,” a dome=like
parslleleplate region as 1llustrated in Mg,7. The first model was of
. plaster nf narie, 36 inches in diameter, huilt in 1948, Inergy leaving
; ths feed at various angles traversse geodesics, paths of least distaiics,
to the semisircular line aperturs, This design had mechamical drawbacks,
but behaved well electrically,? Since then various other laboratories
hiave improved the mechanical design by using aluminunm spinmings, until
! nov the "tin hat" appears practical for a tuc-dimensional lenms.,

By 1950 AFCRC designad and tuilt another type of two-dimensional
Luneterg, The lens was mads of solid dielecotrioc and so shaped that
when placed between olrcular parallel plates as shown in Fig.8, the
resulting air-dieloectric comMnation gave the desired value of € at
any one point. This design, although it neglected the irapping effect
of the solid dlelectric, gave encouraglng results, Rosults vere not
published, nor wae the design ‘mproved.

— g e = -

In 1951 ARCRC bullt a two-dimensionsl parellel~plute Luneberg
5 with a ovutinuoasly wmrying € obtained by compressing a properly
‘ shaped mound of foamed polystyrene, This teonniqus wes then erxtended
: to produve & thr- wdimensional lunsberg by using a number of compressed
! i dielectric layers of the correct size and with thc proper veriation of
i Jielectris constant. Thio technique wae not too promising, largely be-
cause the foamed material did nct orush uniformly, Test resultslO were
reposted relatively recently, together with more rocent results,

9F1no,E.C., "The Metal~Flate Analogue of a luneberg Lens,” NRL Report
"Prosesdings of the Third Jymposiwn on Scanning Antennzs,"p.30, 1950

1°Corlom,li..w. , Qatman,A,S-,Hatt,R,£., "The lunsberg Lens of Continuous-
1y Varying Tdelectric Conutant,™ APCROTR-54e103, Oct 1954
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Fig.7- The *Tin-Hat" Analogue of the Luneberg Lens
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Fig. 8 - Parallel Plates Partially Filled with

Dielectric Materiai as a Luneberg Lons
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2. To the hes: of the authors' wnowledga, the first three~dinensional
Luneherg vas bailt at Hughes Aroralt Company, (nlver City, California,
about 1950. It aorsisted of a mumber of eonoeniric hemispherical shells
of appropriete € . The shells were turned on a lathe from blocks of
compressed polystyiene foem, No report of results was made awailatle,
and it is presumed that tre lens wme unsuccessful for the reason stated
above,

3, The first three-dimensional lensn to have some measure of
success was conceived and tuilt at the Alrborne Instruments laboratory,
Inc., Mineola, long Island. This 12-inch diameter lens consisted of
several thousand glass pyrex balls so dispersed throughout a supporting
foamed polystyrens material to produce approxdmately the desired variation
1n € . B novel faed ayatem was ntilized, with scenning through 360°
accomplished by rf ewitching.

L. Early efforts at the Haval Research laboratory were cirected
seward the sonstruction of tvo-dimensional Linehsrgs. In the first
type o€ lens construoted, variation of & was obtained Yy using the
vavogaide effect on the rf energy. As sketched in Fig.?, the B-vector
sf ths pf ensvgy is parallsl te the plates, so that the velooity of
propagating i¢ = funotion of plate separation and the material between
the plates, Energy leaving the ¢3ed follows paths of least time, €0
that this lens is similar in that respect to the gecdesic analogus of
tro tin hat mentionsd earlier. This lens performed as predicted and
was reported 12 in tho literature.

An attempt was also made to develop a material covering the
required range in € and to approximate the lens by handeforming a
small mmber of conoentrio anmilar rings. At that time the only
technique which appeared to promise adequate density control inyvolved
tha use of foamed rubber and rubber plastic materials, The supplier
of this material, however, was unable to avoid the use of carbon black
in the rubber compounding and the affort feiled aue to excessive
1osses in the higher dielectric constant materials, No report was
wade of these lenses,

5, Several latorato~ies tried by chemical means to £sam di-
electrios 4o produce the presoribed variation in @ . All these
attempts at "foaning in place” failed. Both losded and unloaded di-
alsotrics were used, tut the results vere uniformly bad. This technigue
15 attractive and has been tried again quite recently, tut the required
veriation in € has not been adequately approximated.

uJauk,H., nSpherical luneberg Lenses," NRL Report #4000, p.39 1952

12pggler,G.D.M., Archer, D.H., "A Two~Dimensional luneberg lens,”
NRL Repemt #4115, 2 March 1933. Also, IRE Transactions, Anternas &
Propagation, Vol.AP~2,/3, July 195/, (Seme auathors and title)

R En K. “hand
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2. Ourrent Attempts

1. Saveral laboratorjes, including the Naval Reasarch latcratory,
heve fabriceted material for a Luneberg lens bty orsating voids in a sheet
of solid disleotric material, Although two-dimensional lenses have been .
fabricated this vay, the technique does not seam a practical one 0 ex- :
tend to the construction of thres<iimensjonal lensed,

2, The various potentisal uses of the Luneberg lens have beccmes 8o i
well known by how that several comnercisl companies are tirying to develop '
new plastiocs for possiblo applications, Briefly, these approaches are '
as foliowas i |

a. Expandadis %Solypivrens Beads. By mixing partlally
axpa:ded beads with & higher dielsotric constant matsrial 4in proper :
propertions & dry mixture capable of moulding is ot.ained, This tech- ,
nique was uged successfully in fabricating the lS~imch ephere for this 1
laboratory. :

b. Dhelestric loading., This teohnique is similar to that
above, except a binder is used to hold the two different dielectsios
together. lenses fatricated in this mammer have not been entirely
satisfactory. The radiation pattern of such a lens varied with soan ;
angle, thus indiocatiag {nhomogeneitiao in the lens. T

c. Matalddo Loading. The idea hare 1s to add metailic dust
to inorsare the dielecirio oonstant of a very lightweight materiul
without inorensing the loss or permeability, Ordinery fabricatlon
techniques introduse anisotropy, so that special techniques have been
devised to add the metallic dust without introducing preferred
orientationt of the particles. Experinental lenses fabriocated with .
such material have shown high losses and poor radistion patterns,

3, The most significen’ and promising technique ncw being ex~
plored 1u the use of artificial dislectrics. An artifiolsl dieleotrio
{s a configuration of metallic objeote, svall compared to the wavelength
of the operating rf ensrgy but large compared to the molecules of & "
natural dielegtric. These metal objecte vhen placed in an electrooag= :
netic field become polarized, 1.e,, have poles induced on their surfaces,
and thus create an electromagnetic field of their own vhish 4id not
exist previously. This nevly oreated #4ield reacts with the rf field
which producec it, producing an effect much like that of a dielectris

material,

For certain simple object shaper euch ae spheres or
cylinders, tbie "artificial” dielectric effect is caloulahle, 4 theo-
retical and experimental iavestigation of this affect produced by thin

16
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£ina were made ay this laborat.ori Using the pesults, a two-dimensinnal
luneverg was designed and tuilt, 3 Test results showed the lens to have
radiation pattern, sntenna gain, and impedange churacteristics as expacted
from lens theory.

An extension of the abtove to three. limersions was cut short iy
the demards of the military draft and depsature of personnel to commercial
laboratories.

4. Recent work with dielectric materials to modify their properties
by high intensity radiation showe some prosise of developing suitable lens
materials., The Chemistry Division at this laboratory has, for example,
solidifis? scu: of the silicones with radiation fror. a cobalt 60 souroe,

V. CONCLUSIONS

At the present time small two-dimensional aicrowave Luneberg lenses
can be “ilt using (1) variable dielectric material betwsen parallei
plates, (2) constant dieleotric material between properly shaped platen,
(3) the geodesic analogus of the "tin hat®, or (ljrouﬁ.ﬂoul dielsctrios
betveen parallel piates, mall fhrss-2imensional microwave lenses zan be
built usi, 7 expandable polystyrene beada, It may bs possible to use
techniques other than the above, tut feasitiility has not been demonstrated.
The word smail, used to describe lens size above, is meant to be about 5
feat maximum at the present State of the art, lems size decreasing with rf
wavelength due to excessive loss in the dielectric,

There are applications aleoc for a large two- or thres~dim:nsional
luaneberg at UHF, Lens size would be in some cases in excesa of one hundred
feet, It 18 obvious that the mechanical problem is one of great com-
plexity, In looking uver all possible approaches to this problem, cne 1is
led to conclude that the most promising and pesrhaps only approach is
through the use of artificial dielestrics, Since the wavelength to be
used is atout a meter, the metallic objects may be several inches in ex
tent. Fabrication techniques for the obstacles and construction techw
nigues for the lens meed to be surveyed anew.

Applications of the Luneberg lens have heen few, dospite the unique
aivantages offered, This slow progress is due eniirely to a lack of
sulteble materials and practical design techniques, The future of the
Luneberg lens is, hovever, promising and progress is accelersting due
to the increasing mmber and diversity of efforts being put to bear on
the problem,

UPeeler, G.D.M,, Reuss, M.L,, "A Two-Dimensional Pir Lunsberg,"” MRL
Report In Process of Writing
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